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ABSTRACT
Introduction: Cigarette smoking is associated with severe health problems, especially cancers. In addition, 
cigarette smoking causes different genotoxic effects. Chromosome aberrations are one of well-known 
intermediate end points in carcinogenesis. The aim of this study was to compare frequencies of chromo-
some aberrations in peripheral blood lymphocytes between young smokers and non-smokes groups.
Methods: The study was conducted with 30 smokers (average age 26.93 years) and 30 non-smok-
ers (average age 26.96 years), and included the analysis of 100 metaphases per each blood sample. 
Differences in the arithmetic means of determined frequencies of chromosome aberrations were tested 
by two-tailed t-test for independent samples with the significance level of p < 0.05.
Results: The results showed a significant increase in the frequencies of chromatid-type aberrations and 
total structural chromosome aberrations in smoker group. Frequencies of numerical aberrations did not 
differ significantly between two groups.
Conclusions: This study confirmed genotoxicity of cigarette smoking and provided new evidence about 
its clastogenic activity.
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INTRODUCTION
Cigarette smoking is one of the main global health 
problems due to the association of cigarette smoking 
with several types of cancers, including lung and lar-
ynx cancers (1). In addition, cigarette smoking has 
been reported to cause segregation errors in meio-
sis (2). Different studies found that tobacco smoke 
condensate induces various genetic aberrations, 
including gene mutations, chromosome aberrations, 
micronuclei (MN), sister chromatid exchanges, 
DNA strand breaks, and oxidative DNA adducts, 
in different tissues (3). Unrepaired or misrepaired 
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occur spontaneously, are considered to be the most 
important lesion responsible for the production of 
aberrations (4,5). Tobacco smoke is a mixture of more 
than 5000 toxic and carcinogenic chemicals (6-8). 
DNA methylating agents, that are present also in 
tobacco smoke (3), generate O6-methyleguanine 
lesion that can be converted into sister chromatid 
exchange or aberrations (9,10). Chromosome muta-
tions are recognized as intermediate end points in 
carcinogenesis, thus, increased frequencies of chro-
mosome mutations and micronuclei predict higher 
risk for cancer development (11,12). Formation of 
free radicals is one of the major pathways by which 
tobacco smoke induces genetic damage leading to 
carcinogenesis (13). Among a large number of tests 
for detecting genetic damage, chromosome aber-
ration analysis is considered as a highly suitable 
method for assessing the effect of tobacco smoke on 
chromosomes (14).
Numerous studies have indicated tobacco smoke 
genotoxicity. A  significant increase in frequency 
of chromosome aberrations was found in smokers 
compared to non-smokers (15,16). However, the 
majority of recent studies on cigarette smoking 
genotoxicity are based on the micronucleus assays 
in lymphocytes or exfoliated epithelial cells. The 
human buccal micronucleus cytome assay (BMCyt) 
is one of the most widely used techniques for the 
measurement of genetic damage in human popu-
lation studies. It has been reported that micronu-
clei frequency is increased in heavy smoking group 
and that the frequency decreases with daily fruit 
consumption (17). Yadav and Saini found a sig-
nificantly higher frequency of micronuclei, binu-
clear cells, and karyolysis in exfoliated buccal cells 
in smoker compared to non-smoker group (18). In 
addition, a 2.5-fold higher frequency of micronu-
clei in buccal mucosa is reported for bladder can-
cer patients exposed to tobacco (19). Naderi et al. 
found a significantly higher frequency of micronu-
clei in buccal mucosa cells of smokers, especially in 
the group that had been smoking for 10  years or 
longer (20). Genotoxicity of tobacco smoke has also 
been confirmed experimentally in mice exposed 
to mainstream cigarette smoke. The increase in 
MN frequency in normochromatic erythrocytes 
(NCE) was significantly higher in mice exposed to 
mainstream cigarette smoke compared to filtered 
air-exposed mice. Mainstream cigarette smoke also 
caused an elevation of bulky DNA adducts, oxida-
tive DNA damage, and an extensive downregulation 
of microRNAs in lung (21). In our previous study 
conducted in Bosnia and Herzegovina, cigarette 
consumption increased the micronuclei frequency 
in peripheral blood lymphocytes in group of young 
smokers (22).
The aim of this study was to compare the frequen-
cies of chromosome aberrations in peripheral blood 
lymphocytes, between young smoker and non-
smoker groups, for which micronuclei frequencies 
are previously reported.
METHODS
Study group
The study was conducted with 30 smokers (♂♂:♀♀ 
16:14), aged 21-38 years (average age 26.933), and 
30 non-smokers (♂♂:♀♀ 15:15), non-alcoholic 
young adults, aged 21-39 (average age 26.967), 
from the urban area of Sarajevo (Bosnia and 
Herzegovina).
All participants completed informed consent form 
and questionnaires. The participants were considered 
eligible for the study under the following criteria: 
complete information on gender, age, and smoking 
status was provided, no exposure to ionizing radi-
ation was reported except for natural background 
levels, and the participants smoked at least two cig-
arettes per day for ≥1 year before the sampling. The 
exclusion criteria were: chronic illnesses, diabetes, 
and consumption of antibiotic medication or expo-
sure to ionizing radiation 3 months before the begin-
ning of the study. Diet factors as well as alcohol, tea, 
and coffee consumption were not considered. The 
study was approved by the Scientific Council of the 
Institute for Genetic Engineering and Biotechnology 
and conforms to the ethical standard of the Institute.
Blood samples and buccal swabs were simultane-
ously collected and processed for micronuclei fre-
quency analysis that was previously reported (22), 
as well as for the chromosome aberration analysis 
conducted in this study.
In the group of smokers, the smoking period lasted 
from 2 to 20  years (average 8.367) while number 
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of cigarettes smoked per day ranged from 7 to 30 
(average 18.833), as it is presented in Table 1. Non-
smokers group consisted of never smokers, while 
former smokers were categorized as non-smokers 
only if they had been abstaining from smoking more 
than 5 years before sample collection (23).
Lymphocyte cultivation and chromosome 
aberration assay
Blood samples were collected by venipuncture 
into vacutainer tubes containing sodium heparin 
(BD Vacutainer Systems, Plymonth, UK). Whole 
blood, 400 μl per each sample, was cultured in PB–
MAX™ Karyotyping Medium (GIBCO-Invitrogen, 
Carlsbad, CA). Colcemid (GIBCO-Invitrogen, 
Carlsbad, CA), in the final concentration of 0.18 μg/
mL, was added 90 minutes prior the end of cultiva-
tion. Lymphocytes were harvested 72 hours after the 
set-up of cultures. After hypotonic treatment with 
0.075 M potassium chloride (25 minutes on 37 ˚ C), 
the cells were fixed three times in cold acetic acid 
fixative, and cell suspension was dropped on coded 
slides. Dried slides were stained in 5% Giemsa for 
7  minutes. Microscopic analysis over 100 meta-
phases per sample at 1000× magnification, was per-
formed according to the International System for 
Human Cytogenetic Nomenclature (24).
Statistical analysis
The mean and standard deviation were calculated 
using Excel (Microsoft Office 2007). Differences in 
arithmetic means of observed frequencies of chromo-
some aberrations were tested by two-tailed t-test for 
independent samples using MedCalc for Windows, 
version  16.2.0. (MedCalc Software, Ostend, 
Belgium). Effects of age and gender on the frequency 
of observed cytogenetical parameters were evaluated 
in smokers and non-smokers independently, as well 
as collectively, by multivariate analysis model (m 
independent; n dependent variables) in PAST soft-
ware (version 3.13) (25). The same multivariate anal-
ysis model was used to test the effects of intensity 
and duration of smoking on the frequency of chro-
mosome aberrations. Additionally, smoking index 
was calculated (Smoking index = Number of ciga-
rettes x Total duration of smoking during years [14]) 
and used to estimate its linear association and rang 
correlation with chromosome aberration frequen-
cies, using MedCalc 16.2.0. The correlation between 
chromosome aberrations and previously observed 
micronuclei frequencies was also tested by Pearson’s 
correlation coefficient using MedCalc 16.2.0. The 
significance level was set at p < 0.05.
RESULTS
Chromosome aberration analysis revealed a signif-
icant increase in the frequency of chromatid-type 
aberrations (p = 0.02) and a highly significant 
increase in the frequency of total structural aber-
rations (p = 0.008) in smoker group. The frequen-
cies of bichromatid (chromosome-type) aberra-
tions in smoker group were higher in comparison 
to non-smoker group, although not significantly. 
Furthermore, numerical aberration frequencies 
did not significantly differ between smokers and 
non-smokers. Summarized results of chromosome 
aberration analysis in two observed groups are pre-
sented in Table 2.
The most frequent aberrations per 100 metaphases, 
in both analyzed groups, were chromatid breaks 
(1.133% in smokers and 0.633% in non-smokers), 
followed by bichromatid breaks (0.633% in smok-
ers and 0.433% in non-smokers). Dicentric chro-
mosome (chromosome exchange type of aberration 
[chre]), as the most complex aberration that was 
observed in this study, was evidenced in one sample 
from smoker group.
In order to evaluate the effect of age and gender on 
the frequency of chromosome aberrations, a multi-
variate analysis was performed. A  significant effect 
of age and gender on the frequency of aneuploidies 
in smoker group was determined (p = 0.034 for gen-
der; p = 0.02 for age).
TABLE 1. Distribution of smokers by the intensity and years of smoking
Smoking intensity (cigarettes per day) Years of smoking
‑10 11‑15 16‑20 21‑25 26‑30 ‑5 6‑10 11‑20
Ratio (%) 23.333 20 33.333 0 23.333 23.333 53.333 23.333
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In addition to linear regression and rang correla-
tion analyses, multivariate analysis revealed that the 
intensity and duration of smoking, as well as smok-
ing index, did not significantly affect the frequency 
of observed chromosome aberrations, in the smoker 
group.
Correlation analysis of frequencies of chromosome 
aberrations and previously reported micronuclei 
frequencies, for the same individuals, showed the 
highest positive correlations between total struc-
tural aberration frequencies (chromatid- and chro-
mosome-type) and micronuclei frequencies in both 
smoker (r = 0.352; p = 0.056) and non-smoker 
groups (r = 0.342; p = 0.06). However, significant 
correlations between chromosome-type aberration 
frequencies and previously reported micronuclei 
frequencies were not evidenced in the same smoker 
and non-smoker groups.
DISCUSSION
Since cigarette smoking is a major cause of chronic 
disease worldwide, the effects of cigarette smoking 
on genetic material are constantly being investigated. 
Several recent studies identified smoking-related 
DNA methylation sites (26,27) that can cause chro-
mosome brakes and change gene expression levels. 
They represent an important molecular mechanism 
underlying development of smoking-related disease. 
In genotoxicity monitoring and screening, various 
cytogenetic end points are used as biomarkers. Their 
predictive aspect for cancer risk assessment at a group 
level, especially of micronuclei (12) and chromosomal 
aberrations (28), is highly important. Our results 
indicate that higher frequency of chromatid and total 
structural aberrations are most likely related to ciga-
rette smoking and are in agreement with previously 
reported results for micronuclei frequencies (22). 
Other analyses of micronuclei frequencies in Bosnian 
population also revealed the negative impact of ciga-
rette smoking on genetic material (29,30).
Numerous studies confirmed that age could have 
confounding effect on chromosome aberration 
frequencies (31). In this study, a significant effect 
of age and gender on the frequency of aneuploid-
ies was demonstrated. Although the chromosome 
aberration assay is not a completely reliable method 
for detection of aneuploidies (32), numerical aber-
rations were observed. However, cigarette smoking 
may increase the risk of certain chromosome aneu-
ploidies in germ cells, with individual differences 
in susceptibility to aneuploidy. Shi et al. confirmed 
that the frequency of disomy 13 in sperm cells was 
significantly higher in light and heavy smokers than 
in non-smokers (33). In addition, loss of chromo-
some Y in blood cells is associated with both ciga-
rette smoking and increased risk of nonhematolog-
ical tumors (34).
Other studies have found intensity (number of cig-
arettes smoked per day) and duration (number of 
smoking years) to be the most important factors 
influencing the damage of genetic material in smok-
ers. In a study of Uma et al. (14), increased level 
of chromosome aberrations was evidenced only in 
the smoker group with smoking index above 300. In 
our study, only two individuals in smoker group had 
smoking index above 300. This may explain the lack 
TABLE 2. Frequencies of observed chromosome aberrations
Non‑smokers Smokers
Gender ratio (♂♂:♀♀) 16:14 15:15
Age (average years) 26.967 26.933
Structural aberrations
cht
chtb 0.633±0.850 1.133±0.973
min 0.067±0.254 0.133±0.346
Sum 0.700±0.837 1.267±0.980*
chr
chrb 0.433±0.568 0.633±0.850
ace 0.200±0.610 0.300±0.651
dmin 0.133±0.346 0.133±0.346
chre 0.000±0.000 0.033±0.183
Sum 0.767±0.898 1.100±1.062
Total 1.467±1.042 2.367±1.450**
Numerical aberrations
Aneuploidy
2n+1 0.433±0.898 0.533±0.860
2n‑1 0.200±0.407 0.200±0.484
Polyploidy 0.033±0.183 0.100±0.305
*Significantly increased compared to non‑smokers (p<0.05), 
**Highly significant (p<0.01). Values are expressed as 
mean ± standard deviation (SD); cht ‑ chromatid‑type 
aberrations; chtb – chromatid break; min – minute fragment; 
chr – chromosome type (bichromatid) aberrations; 
chrb – chromosome break; ace – acentric fragment;  
dmin – double minute; chre – chromosome exchange;  
(2n‑) – hypodiploidies; (2n+) – hyperdiploidies
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of significant correlation between smoking index 
and chromosome aberration frequency.
Although a positive correlation between the fre-
quencies of micronuclei and chromosome aberra-
tions was previously reported in another study of 
B&H population (35), the frequency of micronu-
clei is more commonly correlated with a specific 
type of aberrations, such as acentric fragments and 
dicentric chromosomes (36). In accordance with 
these findings, we observed the highest positive 
correlation between total structural aberrations and 
micronuclei frequencies, both in smoker and non-
smoker groups. Significant correlations between 
chromosome-type aberrations and previously 
reported micronuclei frequency, in the smoker and 
non-smoker groups were not evidenced, confirming 
the role of chromatid fragments in micronuclei for-
mation (37).
The findings presented in this study, especially 
those that revealed a statistically significant increase 
in frequencies of structural chromosomal aber-
rations in smoker group, are in accordance with 
published data about genotoxicity of cigarette 
smoking (3,14,16-20). A  study of over 970 ado-
lescents in Bosnia and Herzegovina, 17 to 18 years 
old, showed that 30% of young men and 32% 
of young women smoke (38), and some of them 
started smoking as early as 13 years of age (39). The 
incidence of smoking is also reported to be high in 
Croatia (27.4%) (40) and Kosovo (31% for adoles-
cent males and 40% for adolescent women) (41). 
Although a significant decrease in tobacco con-
sumption has been observed globally from 2002 to 
2010, this trend is still lagging behind in Eastern 
Europe (42). At the same time, living in the urban 
environment should be considered as a higher risk 
factor for substances use, especially in females (43).
This study is a continuation of genotoxicological 
monitoring of Sarajevo population using cytogenet-
ics methods. In 2006, we started with a study on 
war and postwar genotoxin effects on micronuclei 
frequency in a group from Sarajevo (44), as a contri-
bution to the local prevention of tobacco consump-
tion. Although chromosome aberration analysis is a 
common method in genotoxicological studies, the 
limitations concerning false positive results due to 
unknown exposure to genotoxins or secondhand 
smoke (45), variations in metabolic genes (46,47), 
individual genetic susceptibility and known effects 
of cigarette smoking on mutations, epigenetic mod-
ifications, and copy number changes (48), indicate 
that combined methods are required for accurate 
determination of the effects of cigarette smoking on 
genetic material.
CONCLUSION
In this study, we confirmed the genotoxicity of 
cigarette smoking. As blood samples included 
in this study are a portion of a slightly extended 
study group, for which we had previously analyzed 
micronuclei frequencies in lymphocytes and buc-
cal epithelial cells, the current results provide novel 
information about clastogenic activity of tobacco 
smoke. These results also suggest that the previ-
ously reported increase in micronuclei frequencies 
could be the outcome of structural chromosome 
aberrations.
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